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Once the preserve of sci-fimovies and Internet conspiracy theorists, remotemanipulation of brain activity is becoming an
increasingly useful tool in our efforts to understand how neural circuits control behavior. In this issue’s Select, we inves-
tigate recent work using optogenetics and related techniques to probe sleep,memory, addiction, and aggression and find
a potential therapy for diabetes along the way.Sleep reduces the complexity of dendritic
branches in the Drosophila optic lobe
(left, before sleep; right, after sleep).Heat—Sleep—Consolidate
We are all familiar with the unpleasant effects of not having enough sleep, but the
precise reason that we need to snooze remains a subject of intensive debate. A large
number of studies have shown that sleep disruption impairs memory. However, it has
sometimes been difficult to disentangle a direct requirement for sleep from indirect
effects such as increased stress caused by whatever procedure is used to keep
the animal awake. Shaw and colleagues now present an exciting new tool to address
the relationship between sleep and memory: Drosophila that can be sent to sleep
instantly, simply by raising the temperature. Using a thermosensitive ion channel to
stimulate neural activity in defined groups of cells, they show that activation of a brain
region called the dorsal fan-shaped body causes flies to enter a sleep-like state. Theythen test the effect of this remote-controlled sleep on the flies’ ability to form long-term memory. In many different systems,
stable long-termmemory depends on bouts of learning not only being repeated, but also being spaced out with periods of rest
between them. Surprisingly, inducing a 4 hr nap after training causes flies to form long-term memory even if these rest inter-
vals are removed—in other words, allowing them to remember more effectively after a session of intensive ‘‘cramming.’’
How might sleep enhance memory consolidation? Writing in the same issue, Cirelli and coworkers provide support for the
idea that sleep downscales synaptic connections that are strengthened by experience while awake. Drosophila exposed to
experience-rich environments show robust daytime synaptic growth, which is partially reversed during natural sleep. Keeping
flies awake prevents this renormalization process, which also depends on the Fragile X syndrome gene Fmr1. The idea that
sleep-induced synaptic reduction is involved in memory consolidation is further tested by Shaw and his team. They show that
flies that are raised in an experience-rich environment are less able to form long-termmemories of new information. However,
inducing sleep by remote control before training reverses this effect, improving the flies’ ability to form long-term memories
the next morning. Together, the two papers provide further support for the idea that sleep downscales synapses and
enhances long-term memory. How these two effects are related remains altogether less clear but all the more intriguing.
Donlea, J.M., et al. (2011). Science 332, 1571–1576.
Bushey, D., et al. (2011). Science 332, 1576–1581.Addicted to light. A mouse fitted with
a fiber-optic device self-stimulates the
pleasure-seeking pathway.A Pathway for Pleasure Seeking
Controlling animal behavior remotely by activating specific neurons is clearly a useful
technique. But what happens when you hand over the remote control to the animal in
question? Bonci, Stuber, and colleagues do just that to investigate the function of
neural pathways and brain centers thought to be involved in reward and addiction.
Taking advantage of optogenetics, they express a light-sensitive ion channel in the
glutamatergic neurons connecting the basolateral amygdala, which is involved in
emotional learning, with the nucleus accumbens, a region that is known to play
a role in reward signaling. The mice are fitted with a fiber-optic device that allows
them to control the illumination and resulting activation of these neurons using nose
pokes. Stimulating this neural connection leads the mice to more persistently seek
out further light pulses. Effectively, the mice become addicted to turning on the light
and do so in the absence of any external chemical rewards such as a drug or food.
This process requires D1-type dopamine receptor signaling in the nucleus
accumbens, consistent with previous studies showing that dopamine plays a role in
reward signaling. Conversely, transiently inhibiting the same neurons reduces the tendency ofmice to seek out a sugar reward
that has been paired with an audiovisual cue. Activation of a different glutamatergic pathway onto the nucleus accumbens
fails to induce reward seeking, confirming that the connection from the basolateral amygdala plays a highly specific role
in this process. Overall, the experiments suggest that the amygdala, which is involved in the learning of both positive and
negative stimuli, conveys a specifically positive message to the nucleus accumbens. Importantly, they also demonstrate
that this pathway is both necessary and sufficient to stimulate pleasure-seeking behavior and is therefore likely to play
a crucial role in many forms of addictive behavior.
Stuber, G.D., et al. (2011). Nature 475, 377–380.Cell 146, August 19, 2011 ª2011 Elsevier Inc. 493
Drosophila adopt a range of aggressive
postures. Cartoon by Ke Hou.Learning to Get Along
Male fruit flies can be remarkably aggressive, but they can also learn to live with each
other. New work by Rao and colleagues now reveals how flies learn to tolerate their
neighbors. Solitary males respond to the odor of other male flies by picking a fight,
involving an impressive array of lunges, tussles, and threatening wing gestures.
This aggressive display is known to be triggered by a specific odorant in the male
cuticle, cis-vaccenyl acetate (cVA), which acts through cVA-sensitive Or67d-express-
ing olfactory neurons. However, flies that have previously been chronically exposed to
other male flies or to cVA fail to become aggressive in response to a new male. We
might predict that the flies simply become habituated to the odor; Or67d neurons
progressively lose the ability to respond to cVA. However, by selectively blocking
olfactory neurons during prior exposure, but not during fighting, Rao and colleagues
now show that habituation to male odor does not occur and provide a far more inter-
esting explanation. They show that the reduction in aggressive behavior depends on
a second type of cVA-sensitive olfactory neuron that expresses Or65a. These
neurons, acting through local interneurons in the antennal lobe, dial down theOr67d-induced aggressive response to cVA. Furthermore, activating Or65a neurons using a thermosensitive ion channel is
sufficient to reduce fighting between previously solitary males. Thus, two different neuronal subtypes responding to the
same odorant across different timescales mediate opposite behavioral effects and act together to mediate social control
of aggression.
Liu, W., et al. (2011). Nat. Neurosci. 14, 896–902.Diabetic mice treated with blue light-sensitive optogenetic
implants.Diabetes: An Injection of Light
Though remote control techniques are now widely used by neuro-
biologists, their potential is only recently being realized in other
fields. Fussenegger and coworkers use a synthetic biology
approach to build a signal transduction pathway that functions as
a photoactivatable transcription system. Human embryonic kidney
cells engineered to express the blue light-sensitive G protein-
coupled receptor melanopsin respond to light by triggering
calcium-dependent activation of the transcription factor NFAT.
Genes introduced downstream of an NFAT-responsive promoter
can therefore be expressed in response to blue light. Importantly,
by varying the duration of exposure to light, the level of gene
expression can be very precisely controlled. The authors illustrate
how this fine control could be useful for the production of protein
pharmaceuticals, many of which are toxic to the cells that are
used to produce them.
They then use the system to construct an in vivo drug delivery
system by growing the cells inside of microcapsules, which are
then implanted under the skin of mice. Exposure of the skin to light results in robust, controllable expression of a secreted
marker protein. Most impressively, the same system can also be used to treat diabetic mice. Cells engineered to express
glucagon-like peptide under the same control system are implanted into diabetic animals. These mice demonstrate
a light-dependent normalization of insulin levels and significantly enhanced glucose tolerance. Diabetics who prefer to
dine by candlelight rather than in bright sunshine need not despair, however. In a separate experiment, the authors show
that cells can be grown inside of fiber-optic tubes and induced to express protein in response to a focused artificial light
source. The findings take us one step closer to a highly controllable therapeutic delivery system that could be adapted to treat
a wide variety of different diseases.
Ye, H., et al. (2011). Science 332, 1565–1568.
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